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INTRODUCTION

From 1958 to 1962 the Lamont Geological Observa-
‘bory obtailned magnetic total intensity measurements over

5500 nautical miles of track between Tierra del Fuego, S,

America, "and Palmer Peninsula, Antarctica. Most of the

measupemenﬁg were made by the R/V VEMA of the L.G.0., and
the A,F,T, YELGHO of the Chilean Navy Hydrographic Office.

.In the vicinity of the Tierra del Fuego additional measure=
- ments were made by the A.R,A., CAPITAN CANEPA and the A.R.A,

GENERAL ZAPIOLA, both of the Argehtine Navy Hydrographle
Offices ' ' B
. The magnetic measuraménts ére part of the geophysi-

cal program on the VEMA since 1952. ‘The measurements on the

~YELC£O'were made in 1961 and 1962 as part of the cooperative

Teipedition program between the two organizations. On the -

CANEPA the measurements were obtained in 1958 with an instrue

. ment which was loaned to the Argentine Hydrographic Office,

for the I.G.,Y, and on the ZAPIOLA in 19@2 these measurements

~ were again part of a cooperative geophysical program,

In 19581959 the tracks of VEMA-1ll and VEMA-15
crﬁisés-are near the Tierra del Fuego, and they reach further
south only in.the Scotia Sea., In 1960 the VEMA=-16 cruise
crossed part of the Drake Passage as the shlp headed for
ﬁshugia from Wellington., In 1961 and 1962 The VEMA=~17 and
VEMA=18 crulses and the YELCHO~l and YELCHO-2 cruises gave
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several crossings over the Drake ?assege, and additional
coverage on both the Antarotic.and'the’Tierra del Fuego
shelves, .

Figure 1 shows the map of ‘the discussed'area,
and those parts of the'traéks where the magnetic measure-
ments are presented. | )

| In the vicinity of ‘Tierra del Fuego (area 1indi-
cated on Figure 1) the tracklines ave closé to each other,

In this report a magnetic  total- intensity map is shown from

this area, and one of the anomalies is discussed in some dew-

tail.. This anomaly is interpreted as due to a ridge, which
extends from .the continental shelf in the Cape Horn viclnity

' towards ESE about 100 miles.

'INSTRUMENTATION.'

During V-lh, V-lS, 4 small portion of V-16, and

during the OANEPA cruises a. fluxgate magnetometer was used.
' This instrument is 8 modifloatlon of the ANASQ/3A airborne
'-magnetometer, various versions of which have been wldely

'used before the new absolute instruments. The Lamont model

has been described by Heezen et.ali (1953).

This instrument is only mentioned for the sake of
complet ns ,'since 2ll the eported measuremA 1ts here were
made with a proton precession magnetometer. " The edrlier fluxe

gate’ measurements are only used to show the' trends on the

e J— . et e — v
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magnetic contour map where no absolute measurements are

avellable. : . s .: f.' s

W

During V-16, v..17, v-18 YELGHO-l, YELCHO-.Q and. -

‘ZAPIOLA-l proton free—precession magnetometers wers used.
These instruments have been builu and developed at Lemont,

-and the various versions have been described by Luskin and f gq:a'j"f 0

thbard (1959), Hirshman and Luskin (1960), .and Heirtzler

(1961) The present model ie similar to other proton pre-"

[y

.cession magnetometers ‘in  common use. Water ie used for

. proton source, and to. simplify operation, and gein more sensi- ﬂ;”fil

tivity the period of the preceesion frequency is measured, f:
instead of the frequency itself.- If the magnetic field
changes, then the time for a given number of proton cycles

changes also, and this time varietion measured with 10‘5 sec

. accuracy is recorded on the original records.‘ From.the time,

and from the selected precession cycles one can calculate
the precession frequency.. This frequency, £, 1s related tO'

the magnetic rield etrength, F, by the equetion

ﬁ .

| F.='2 t'f-':

e

where g! is the proton gyromagnetic ratio. (2.,6713 x.lQh
radians/gauss second (Nelson 1960)).
For the different magnetic field strengths differ-’

ent numbers of proton precession cycles were selected %o

keep the full scale recorder range between 300 to 700 gammas,
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-When the instrument is set at 700 gamma full scale
- _range the ihstrumentai.error is £ .7 gamma, Because of a

.'slower~e1ectronic.clock,'the*ﬁELGﬁbml'and the V-16 crulses

.“-_had'an instrumentalferror of % 7'éamma.5-Instrument;diffi« »

.culties in the V-18 cruise caused the instrumental error to
) bocome 15 gamma on numerous occasions.‘ Data with 1ess
instrument accuracy has been rejected. With the normal 300:
"o’ 700 gamma recorder range the other error sources, such
'f as magnetic field of the ship and record reading and com-

' putatlonal errors, arse, insignificant compared to’ the errors"

'f'which came'in by navigational uncertainty, and magnetic m'~‘-

'.~fie1d variations.. At the V-LB cruise, because of the low'
sensitivity in certain areas ‘the record reading error is

"'estimated to reach * 50 gamma.‘

ZM!GNET;Q,EIME VARIATIONS

", Since the magnetic data in this report represents

":several years of surveys, in order to compare the data one

has to".consider the,long period (secular) magnetic variations
first. ' | ' ’ o
h It was found at track crossings in the vicinity of
Tierra del Fuego that‘the”yearly change of the magnetic field
is appronimately =150 gamma, which is in close agreement with
" the value given on tne U.S,. Navy Hydrographic,Office, Chart
No. 1703, for the year 1955. It is diffficult to check the

yearl& variations at track crossings further in the Drake



Pagsage because the weather there prohibits frequent astro-
nomical flxes, and this causes pavigational errors and, also,
because -the large number ofxmagnetic anomalies along the

track make the exact determination of the crossings difficult.
Using the yearly magnetic changé value from the above mentloned

chart? however, gave .good results, considering the other time

‘variations-and the ‘already mentioned restrictions.

In‘fhis report the year is indicated on the profiles

.:‘presented and  in the comparison of them the secular varia-

tion has to be‘accouﬁted for. Those magnetic profiles which

,: here'used_in the preparation of the tbtal'intensity contour
map were reduced to 1961 value since most of the coverégé

'wag_obtained in that.year.

There have been no corrections for the diurnal ors

-the shorter period variations of the magnetic fleld, There

are two reasons for neglecting the diurnal variation. The
first-reaéon is thgt for most areas in thé southern hem;sphere
there is no time control data because of the sparsely spaced
magnetic observatories. The second reason that in most mag-

netic mid-latitudes the diurnal variagbtion is small, and its

.period is much longer than the period of the anomalies ob-

served on a moving ship. In any case additiongl reduction work
for femoviﬁg time varistions would only be pfﬁfitable for
surveys with closely spaced control lines.

It is expected that the average day diurnal vari-

ation (mean all days) is the same in our survey area as it
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ig at a similar northern magnetic 1atitude, which is a peak
to peak value of 50 gamma. (Vestine et al. 1947)

uhorter peripd varlations (SD, st) might also

have efchted the data. The separation of the effect of

thege from the anomalies, even with observatory data, would

'“be possible:oply in special cases because their period is

equai to that,df.the anomalieg., The most expedient procedure

_was’ to check. the ﬁhrée hour K indices and omit the data on

internationally distﬁrbed days, or at such areas where the

zhigher K indicés represent comparable or much higher gamma

.changes than the expected anomalies.

During “the -time of the survey, near Tierra del

Fuééé, thpiK indices ‘did not indicate that such omissions

. 7'fwéf§%néceséary. The. other profiles are presented as they

] fﬁeréfobsenve&cyegardléss of the K index value.

' MAGNETIC TOTAL-INTENSITY PROFILES

."Figuré 2 ﬁo,Figure 8 shows the magnetic total in-

fénsity profilés..'Each'profile shows the magnetic total

Nintensity values in gammas (10 -5 gauss) as a function of

distance in nautical miles. The local times (time zone +i)

. --are also shown at 1mportant course chances, some navigational

fixes and at ship starting p01nts. The ship stops on the
profiles are marked and the corresponding times can be found

on Figure 1‘together with the other time marks of the profiles.
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Table 1 gives the date° interval for. each profile and the

cruise number. The profiles are made with the earlier times-
_on the left side.- e

Ta.ble I

' Cruises and Dates of Profilos

® W o B B H R 4. Hm e Y RO

- Feb,. és,~62f%s1m=
| . F'eb. ‘26, 62 )
. ?:April 14, 61?'5 
5 apra1 15, 61};
';:March Ts. 62. ;i?iif

March .5, 62

 Mavoh lj, 62

Mareh 3, 62
March 7, 62
April 21, 62

;ifFeb. 27, 62
.:eijeb. 26, 62"
i peb, 27, ‘62
.‘._7.:'..:.;.:April 15, 61
.:.;¥?April 17, 61
‘ ’fMarch 8, 62
R April 27, 611ﬂifil:
:-'...'Mayé 60 o
" 3:Feb. 21, . 62:1.':
fFeb. 27, 62 :
- april 18,61
"hpril 18, 61 "
April 20, 61
' March 5, 62

{.April 27, 61
| P'.".‘May Ts 60
'nmarch 2, 62
-Ej_Mhrch 3, 62:
h:April 18, 61 f:%
ST A
..” y-17

"f‘April 20, 61
‘JApril 21, 61
_March 6, 62 -

- . 'March 6,:'62 .

March 5, 62,

March LL,..62
March 8, 62

April 22, 62.

" . Profile . . DateFrom = v - Date To 3” ’ Cruise
' - . Febs 26, 62 ...

_V-18

TVe17

. :i:,‘-'-f:."'f.'-if"-fa?"'. S
1”V~%7f5i* Lo
I
.;.15“£16}.":
Y2
S

vaig -
w2

v-18

. v-18

Y-2

Va17

[P U
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The magnetic profiles A through Q are not-all of

the magnetic data that has.been,collected In the past years.
"In an area near Tierra del Fiuego the track distances were

'close enough to prepare a magnetic total intensity map, and

the data is presented in that. form for that area. Addition-

. al short profiles are available on the Tierra del Fuego shelf
. between the Magellan Strait and Cape Horn, and on the V-16
'ﬁ'.and v-18 Drake Passage crossings. Thesewprofiles-will be ..“

,presented at a, later date._,-

Profiles A, Bl’ BZ’ Cl’ CZ’ E and D" are nearly

-tperpendicular to the arc of Tierra del Fuego and the Palmerau
'.Peninsula.' Bl, B, and F are in the direction of the maxi-: -
o mum magnetic field change, therefore, these profiles were .
' dsedto determine the regional gradient. The value -of the’

' regional magnetic field change is approximately lh gamma

per nautical miles. Profiles G _and’ H are- nearly in the di- L
rection of equal intensity lines, therefore, only a very o
small regional ohange can be seen on them. .

‘ Profile D is a complete crossing.of the Drake‘
Passage and 1t is’ shown together with the bottom topography,.'-

'(uncorrected soundings) in order to demonstrate. that the

L magnetic anomalies are caused by subbottom structural changes

rather than by bottom topographic relief. The topographic

'trends, however, frequently reflect the structural trends.

Comparing profiles G and H, the trend of the magnetic



anomaliqs lie in a SW-NE direction, which is, according to

Heezen's physiographic diagram (Heezen and Tharp 1961), also

the directlon of the topographic trend. Profile J, further
" to the north, shows EW megnetic trend, which 1s the direction

of the topographlic trend there too.
Profiles M, P and the end of G are crossings of -
the Palmer continental shelf, The similarity between P aﬁd

G 1s.striking. The seven hundred gamma snomaly at.the end

" of Profile G can be found at the beginning of Profile P (West -

of V, Hugo Island) and Profile M starts very close to the

north of 1t. Profiles K and L stop hefore reaching thie anoma.’

ly. Profile Q,.whicﬁ‘is.at the extension of K, howevér,
shows the same anomaly with large disturbanées on 1t which
indicate the presence of basic 1gnéous'rocks néar:the'obser-
vation line. Additiénal meagurements are needed to establish
this trend, but the present data seems to indicate. that the
game volcanlc rocks which formed the South Shetland Islands“.
are extending SW buried under thé sediments and fofming V.
Hugo Island,.15b nautical miles away,l'Profile M indicates
that the anomaly causing strucfu;e 13 close to the ocean _
bottom, while under Profilles G_énd P 1t must be at a.deeper
level, ‘ . ‘
Profiles I, J, K, L, N and O are too far apart,

and their direction is too random to allow comparison.
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MAGNETIC TOTAL INTENSITY CONTOUR MAP

Figure Q shows the magnetic total intensity contour

map and the track lines used in its construction, The track.

* indicated by "a" was accepted as basic and the other tracks

were adjusted to its position. Track "b" was moved 7 miles.
S.W., track "e" 3 miles W., and two short fluxgate magﬁqtome-_
ter tracks on the west side of the map were moved U mileéf‘“
S.E, These adjustments are justifiéd since the cloud con=-
ditions, strong winds and currents make navigat;on ﬁncgr%ain
in this area. The easterly tracks were only'used fo eiténd“f
the trend of the contour lines, therefore, their positionihaé:
not been adjusted. ' )

The magnetic measurements were reduced to 1961f

“total field values because most of the proton precession mag~
- netome ter data was obtained in that year. Time variations are

not corrected except on track "a" where the values on the

northern part were exceptionally high compared to the other
measurements on the crossing tracks.

Slanted broken lines on the wesﬁ indicate an area
where the contour map represents a smoothened total intensity
picture. Here this area is characterized by short period

large magnetic anomalies, which could not be contoured with

" the present survey line interval, Additional survey lines

are needed to check for a possible extension of the local a=

nomalies on the E~SE tracks of the map.
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GENERAL GEOLOGY OF TIERRA DEL Fusco_.;-

In Figure 10 a geological map of southern Patagonia
.and Tierra del Fuego is presented._ AG, S A, 1950) The area
can be divided into two sections'ﬂ the first is the Patagonian
- Cordillera, the second is Extra-Andean Patagonia, which ex-'

' *fj;tends from ‘the | Cordillera $0. the Atlantic ooast.~

Extra-Andean Patagonia consists of tablelands. ‘It::

:;is covered mostly by Quaternarv and Terti&rv.oonti ntal sedi
"-;;fcments. The Cretaceous s represented by’ marine sediments, the
'T‘Jurassic by the "Serie Porfirica" (mostly marine sediments), d
'.which, according to drilling anﬂ eismic information, are con-;:'
*"siderably thinner toward the east. The interbedded tuffs .and -

- lavas (acidic) are the consequence of Jurassic, Oligocene and

Pliocene orogenic movements..

The Patagonian Cordillera can'be divided into three

tparts. On the north—northeast, Cretaceous marine sediments-"

fﬂare on the surface, and together with the "Serie Porfirics"

these form a section several thousand meters thick. Toward

-'the south the Pre-Cretaceous metamorphic rocks form & narrow
ubelt, and south of that are the intrusives of the Andean

. Batholith, which was formed during the Middle Cretaceous

orogenic movements. This whole south-western coastal area
was subjected to block faulting during the Oligocene and
Pliocene, with renewed volcanic activity in the Pliocene.

The igneous rocks of this region represent a broad
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spectrun from acidic to basic. During 8 recent reconnaise
sance geological survey by the‘Empresa'Nacional del Petroleo

Magsllanes, basic rocks were found on Decelt Island, and

' Lennox Island, and form the Pico and. the Dientes de Navarino

‘mountainsg on Navsrino Island., Diorite was found on Hermlte

Island and on Snipe Island., Magnetic surveys indicate the

' presence of basie rocks on the Wollaston Islands;'on Cape

‘Horn, and in the vicinity'of‘Murray-Chanﬁel, Ciockburn‘channei

and~Cook"Bay. On the basis of’ presently avallable data these
basic rocks appear to oceur in a 10 to 20 miles wide. belt in

" the souﬂh-west Cordillera, and their presence was 1ndicatod

by magnetic measurements over ‘a distance of 800 miles towards

_:the norﬁh.

" . MAGNETIC TOTAL'INTENSITY ANOMALY MA?; AND fTS'INTERPRETATION

The magnetic total intensity anomaly map (Figure 11)

‘was obtained. by placing a regional grid over the: total in--

'.tensity map,and subtracting the regional field value from

the toﬁal field value at their -crossings. The regional grid
was prepared on the basis of the total intensity map. '

On the anamaly map several areas can be distinguished

“by their magnetic trends, and character. The magnetic field

is relatively wiform in an aves N.W, from Long. 6l°30'W, Lat.
56°S until Tierra del Fuego, in the neighborhood of Long. 65°W,
Lat. 57°5, and along Long. 62°30'W from Lat. 56°S north.




«l3=
Centered approximately along 6h°w longitude, several anoma-
lies exhibit north-south trend. The last one mepped at Lat,
57°5 seems to have extension toward the east. At £6°201S
there 1s an approximately hundred miles long anomal& which
extonds between Cape Horn-and the pfeviously mentioned north-
south'trending anomalies., Indlcated by slanted broken - lines,
in the Cape Horn vicinity and south of it,. there is-an. area '
which exhibits several short period anomalies.

Ths magdeuiealiv unaiSturoea areas ususlIy repne-

.'sent thick sediments, or deep umiform. magnetic basemsnt, or
the combination of these., The uniform magnetic field near
~,_1Tierra del Faego is probably due to the thick Tertiary marine
: sediments, while the other two magnetically undisturbed areas

',fall into the second category since the bottom depth alone

is 2000 fathoms there.

The north-south trending anomaly group coincides

. with a submarine mountain range (Heezen, Tharp, 1961), which

terminates at approximately Lat, 57°S and turns east. The *'«-'”.'.
relatively broad anomalies are indicating that the mountains
consist of igneous rocks, the narrow peaks indicate basic
intrusions or dikes in places from Lat, 56°S south,

The east-west trending anomaly is interpreted as.
the extension of the Andean batholith, which appears to termi-
nate at, or offset by, the north-south mountain range. Filgure
12, shows two crossings of thismanomaly and the submarine

topography on the continental shelf, Eigure 12 shows three
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crossings in deep water. The track Slcrosses the anomaly
south~west of Cape Horn, S, at the edge of the continental
gshelf, A and B in deep water. The corresponding ridge .
clearly can be seen on tracks Say A and B, Track C crosses
the ridge as it enters the area of the north-south mountain
range. . ‘ _

At crossing B the magnetic anomaly has been caleu-‘
lated over a pair ‘of two dimensional bodies (Girdler and S
Peter 1960, Heirtzler, et.al. 1962), which had a simple geo-}- ﬂ

'mstrical cross section (Figure 13). It was assumed that the"-

-magnetization is due to the earth's present induced field, *7

total field strength F 37200 gammas, inclination I = -51"4;
and that the declination is perpendicular Lo the strike of o
the body. Susceptibilities of .009 cgs. and .006 cgs. were

required to match the observed anomaly, wbich values repre-':f:

sent magnetizations of .0033 cgs. and .0022 cgs. respectively..}‘

On Figure 13 a solid 1ine represents the observed
anomaly, dotted lines represent bhe calculated anomalies over
the two models, and a broken 1ine shows the combined CQIOUF '
lated anomaly. ‘ ‘ . . Do .. _
Smaller susceptibility value is sufficient for modeli'
g™ (indlcated by slanted lines), 1f we assume that the di-
rection of the magnetization of model npt g different from
the direction of the present earth field. A 10° steeper di~

rection of magnetization (=60°) at this model would increase
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_ the maximum and would reduce the'minimum of the calculated

. anomaly curve, which in turn when combined with the calcue

lated enomaly ourve "a®", would give a better match with the
observed curve, and would allow lower susceptibility for
model "a" ' .

Model Mgt can be interpreted as part of. the Andean

: intrusions where basic igneous rocks are dominant, or could

represent an area where contemporary or later volcanic ac=

: tivity produced basic igneous intrusions.‘ Medel "b" is the
”1ess basic part of this system, which together with the basic'

igneous facles forms most of the lslands south ‘of Tierra del

Fuego._ Since diorite represents the less basic rocks of. the

3;-batholith in this vicinity, +ne assumption of remanent mag-~
'1 netization with equal strength to the induced magnetization
H'Li_'is reasonable, because *his would allow a susceptibility of .
:fy.0029 cgs., Which is much more. fit to the- diorite than the
.l'fivalue that was necessary for ‘the calculation.' (Nagata 1956
i*'Books 1962) ' E ' '

The models represent a simple approximation of a.

.ﬂ very complex geology, which cannot be studied directly,
,therefore, instead of using additional arbitrary assumptions

the present £it of the observed ‘and caleulated anomalies was'

accepted. . .
The anomelies in the Cape Horn vicinity and toward
the south 1ndicate the subbottom topogranhy rellef, and the

structural change in these basic rocks, which in that area
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are much closer to the observation line (sea surface) al-

lowing greater resolving for the instrument,
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Magnetic total intensity anomaly profliles
with bottom topography near Tierra del Fuego
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Calculated magnetic total intensity anomalies
over cross section B of Figure 12



